INTRODUCTION
In 1910 Jacobeus described thoracoscopy as a new method for the investigation of pleural fluid of unknown cause (1) . He insuffiated air into the pleural cavity after draining the pleural fluid and inspected the pleural surface. Until the 1950s, thoracoscopy was almost only used for adhesiolysis in patients treated with a "therapeutic" pneumothorax for tuberculosis. Early in the 1970s, there was a renewed interest for thoracoscopy in The Netherlands, France, and Germany (2, 3) . Thoracoscopy was hardly popular in the United States and the United Kingdom until the recent development of disposable equipment for thoracoscopic intervention and video imaging.
Initially, thoracoscopy was used in patients with pleural fluid of unknown origin and pneumothorax (2) . Later, several investigators used it for pulmonary biopsy (4) (5) (6) (7) , and for the diagnosis and treatment of malignant pleurai effusions (7, 8) .
The introduction of video-endoscopic surgery of the abdomen stimulated the development of videothoracoscopy. There is increasing experience in thoracoscopic interventions like thoracoscopic bullectomy, sympathectomy, pericardial fenestration, and (partial) pulmonary resection (9) (10) (11) (12) . Here, the diagnostic value of thoracoscopy for pleural, pulmonary, and mediastinal diseases is discussed.
TECHNIQUE
In most patients diagnostic thoracoscopy can be performed either under local or general anesthesia. Severe cardiac and pulmonary disease are relative contraindications (see "Safety and Acceptability"). In the presence of extensive adhesions between the visceral and parietal pleura, it may be impossible to create a pneumothorax and inspect the parietal and visceral pleura. In these cases, a direct or extended thoracoscopy can be performed (13) (14) (15) . However, these special techniques should only be performed in experienced hands.
For an extensive description of the technique refer specialized literature (4) . In short, air is insuffiated into the pleural cavity until a nearly complete collapse of the lung is achieved to create sufficient space for a safe introduction of the trocar in the 4th, 5th, or 6th intercostal space in the midaxillary line. Through this trocar an optical telescope is introduced. Depending on the extent of the investigation, a second or even third trocar can be introduced to facilitate the introduction of more instruments. For diagnostic purposes, it is usually sufficient to use local anesthesia with mild sedation and analgesia. For an extensive endoscopic intervention general anesthesia is preferable, using a double lumen tube intubation to achieve a complete collapse of the lung.
A complete thoracoscopy set consists of a water-column to induce pneumothorax, some trocars with an obturator, an optical telescope, a forceps, and a pair of scissors. Almost exclusively, rigid instruments are used. Some have used flexible bronchoscopes in the past for thoracoscopy (16) (17) (18) . This technique has not obtained widespread popularity, mainly because it is very difficult to keep an adequate orientation inside the thorax when using a flexible thoracoscope. Recently, a thoracoscope with a rigid shaft and a flexible tip has been developed. This device has not yet been proved to be superior to the rigid equipment (personal experience).
PNEUMOTHORAX
The incidence of spontaneous pneumothorax (SP) is between 5 and 15 per 100.000 and affects men 4 to 6 times more often than women (19) . There is no consensus on the treatment of spontaneous pneumothorax. In many centers pneumothorax first is treated with bedrest with or without chest tube drainage. This gives in a relapse rate of up to 60% (20) (21) (22) (23) . After the first or second recurrence, the risk of a subsequent recurrence increases considerably to 38% to 83% (20) . Even after pleurodesis with tetracycline, which was especially popular in the United States, a recurrence rate of up to 45% has been reported (21,22). The high recurrence rate after conservative treatment for spontaneous pneumothorax has prompted some institutes to perform thoracoscopy in patients with first and recurrent pneumothorax, to select patients that would benefit from surgical resection of bullae (2, (24) (25) (26) (27) 
PLEURAL EFFUSION
Analysis of aspirated pleural effusion is the most important investigation in patients with pleural effusion. In a prospective study in 129 patients, a definite diagnosis was obtained in 18% and a probable diagnosis in 56% (31). If repeated aspiration fails to give a diagnosis on a persisting exsudate, a more invasive diagnostic procedure is required. The blind needle biopsy according to Cope or Abrams was the method of choice for more than 30 years, and it still is in some countries. The diagnostic yield of the blind needle biopsy is highly variable. Chr6tien found a diagnostic yield of 77% in 213 patients with tuberculosis, being 77% in metastatic carcinoma (n 178) and only 10% in mesothelioma (32). Others found a lower diagnostic yield of up to 50% for metastatic carcinoma of the pleura (33). Boutin and other authors proved that the diagnostic yield of thoracoscopy was much higher (94% to 96%) in all forms ofpleural disease (2, (33) (34) (35) (36) (37) . Thoracoscopy provides the advantage of seeing the extent and the nature of the pleural abnormalities, and biopsies can be taken from macroscopically abnormal as well as from normal pleura. This is an important advantage over the blind needle biopsy. In addition, presence of pleural fluid is necessary for safe use of the blind biopsy needle, whereas this is not the case for thoracoscopy. True-cut biopsies of the pleura guided by CT or ultrasound may serve as an alternative, but the amount of tissue for histological investigation in true-cut biopsy is limited, which makes specific diagnosis in benign disease sometimes difficult (38).
MALIGNANT PLEURAL EFFUSION
The diagnostic yield of thoracocenthesis and blind pleural biopsy in malignant pleural disease correlates strongly to the stage of disease (34). In many studies, the superiority DIAGNOSTIC THORACOSCOPY 197 of thoracoscopy in the diagnosis of malignant pleural disease over thoracocentesis or blind pleural biopsy has been shown (34-35,39).
In a large study conceming 1000 patients with pleural effusion, no diagnosis was obtained after repeated thoracocenthesis and blind pleural biopsy in 215 patients (22%) (34). One hundred fifty patients appeared to have malignant pleural disease of whom 131 (87%) were diagnosed by thoracoscopic pleural biopsy. After improvement ofhis equipment, the diagnostic yield in Boutin's study raised to 97%. Such a high diagnostic yield of thoracoscopy in pleural effusion also was found in the studies of Canto (94%), Hacker (80%), Menzies Beside pleural effusion in bronchial cancer, thoracoscopy can provide information about tumor invasion into the mediastinum or the thoracic wall. In cases of extended invasion of the mediastinum diagnosed by thoracoscopy, unnecessary thoracotomy can be avoided. The use of thoracoscopy in the assessment of lymph node metastasis is discussed in another chapter (see "Mediastinal Masses").
In our institute, in the last year thoracoscopy was performed for staging of lung cancer in 10 patients; in 5 cases for assessment of N-status and in 5 cases for assessment ofT-status. Irresectability ofbronchial cancer was demonstrated in 6 (60%) of 10 patients.
MALIGNANT MESOTHELIOMA
The local incidence of malignant mesothelioma is highly variable and depends on previous exposure to asbestos (48) . Similar to other malignant pleural diseases, the diagnostic yield of thoracoscopy is superior to the combination of blind pleural biopsy and thoracocenthesis (48). It is important to provide many representative biopsy samples to the pathologist, because the histologic diagnosis of mesothelioma often is difficult (4, 48) . Thoracoscopy allows for some prediction of survival, because involvement of the visceral pleura is associated with a very unfavourable prognosis (48,49).
TUBERCULOUS PLEURAL EFFUSIONS
Loddenkemper performed a prospective study in 100 patients of whom the diagnosis of TB could be immediately established on histologic examination of thoracoscopic biopsies in 94%, compared with 38% ofblind needle biopsies (50) . In a large review of the literature on 1325 cases, Loddenkemper found an average diagnostic yield of blind needle biopsy in TB of 69%, with a range of 28% to 88% (51) . Because of the high diagnostic yield on thoracoscopic histologic biopsies, unnecessary delay of antituberculous therapy is minimized. Thoracoscopy in the early course of disease may demonstrate the specific pattern of granulomas, which may disappear spontaneously after 3 to 4 weeks (4).
INTERSTITIAL LUNG DISEASE
The differential diagnosis of interstitial lung disease is extensive, and it is often difficult to establish a definitive diagnosis. Immunological evaluation and bronchoalveolar lavage are important diagnostic tools in these patients. Usually, tissue for histological investigation is obtained by multiple transbronchial biopsies through the fiberoptic bronchoscope. The diagnostic yield of this procedure is variable and depends on the underlying disease (52, 53 (5-7).
Results of two large studies on thoracoscopic lung biopsy were published in 1982 (6,7). Dijkman and coworkers performed thoracoscopic lung biopsies in 63 patients; a histologic diagnosis was obtained in 57 (90%) (6) . In a series of20 patients with diffuse pulmonary disease, Boutin found a diagnostic yield of 100% (7) . In his study, one to eight biopsies from different parts of the lung were taken.
Recently, two studies reported of thoracoscopic lung biopsy obtained by wedge resection technique using the endoscopic GIA stapler (56, 57) . The diagnostic yield in these studies was 100% and 95%. Although biopsy specimens obtained by forceps technique are smaller than those obtained by wedge resection, the diagnostic yield does not differ significantly.
Recently we have begun to use the 5-mm coagulating biopsy forceps developed by Boutin (Wolf Company, Knittlingen, Germany) for pulmonary biopsies in interstitial lung disease. With the technique of simultaneous cutting and coagulating originally described by Boutin, there was no air leakage or bleeding at the biopsy site in our experience (4) . After this procedure, the histopathological features of the biopsy specimen are well conserved, and in our experience sufficient lung tissue can be provided to the pathologist for a correct histopathological diagnosis. This forceps biopsy technique is especially useful in children. In very young patients, the thoracoscopic stapler device cannot be used, because the intercostal space does not allow introduction of a 12-mm trocar. The 5-mm biopsy forceps fits in a 7-mm trocar, which can be easily introduced into the intercostal space of a child (personal experience in two children, 7 and 10 years old).
DIAGNOSTICS OF MEDIASTINAL MASSES
Histologic diagnosis of a mediastinal mass is not easy to obtain without an invasive surgical procedure. Fine needie aspiration provides an accurate diagnosis in only a minority of cases (58) . In all other cases, diagnostic sternotomy or thoracotomy used to be the procedure ofchoice. Kern and coworkers recently performed videothoracoscopy in 22 patients with mediastinal masses (59 (61) .
SAFETY AND ACCEPTABILITY OF DIAGNOSTIC THORACOSCOPY
Complications of thoracoscopy are very infrequent in experienced hands. An air embolus may occur when during the insufflation of air for creating a pneumothorax the needle is not properly positioned and air is insuffiated into a blood vessel. Severe hemorrhage after a biopsy of the lung is very uncommon, the blood vessels in the peripheral parts of the lung are small, and the elastic properties of the lung result in contraction of the vessels after a biopsy has been taken. Only in case of a biopsy of the parietal pleura is there risk of a major bleeding if an intercostal artery is damaged. Small bleeding is easily managed by electrocoagulation or Nd-YAG laser. Persistent air leakage is a known complication of a biopsy of a stiff lung in case of lung fibrosis or emphysema (4 (34, 36, 41, 65, 66) .
The thoracoscopic procedure itself may be complicated by the presence of multiple adhesions between visceral and parietal pleura. In these cases, thoracoscopy may be complicated by a diminished view and bleeding in case of rupture of an adhesion. If the view is diminished by adhesions, these can be cut with a coagulating forceps. In some cases, however, it may be impossible to introduce the thoracoscope at all because of extended adhesions. In these cases an, incision of 3 to 4 cm can be made. Afterward, the thoracoscopist introduces his index finger to create a space between the visceral and parietal pleura, separating the two by rotation of the finger. This technique, called extended thoracoscopy, was decribed by us in an earlier publication (13) . In a retrospective study of 22 patients with extended or complete adhesion of the visceral and parietal pleura, we found a diagnostic yield of 84% using extended thoracoscopy. No major complication occurred; however, we recommend this technique only to experienced thoracoscopists.
CONCLUSIONS
Diagnostic thoracoscopy in an important tool in the diagnosis of pleural and pulmonary diseases. It is a safe procedure that is hardly invasive, and it provides the visual information and the diagnostic yield of a thoracotomy. Nowadays, the technical possibilities of diagnostic thoracoscopy are importantly extended by video-imaging and the use of endoscopic stapling devices. Presently, the role of pulmonologists and thoracic surgeons in thoracoscopy is a matter of discussion. Diagnostic thoracoscopy has been developed by European pulmonologists in the past. Concerning its classical indications, thoracoscopy also should be performed by the pulmonologist in the future, because of his historical experience, his outstanding knowledge of pleural and pulmonary diseases, and his familiarity with endoscopy equipment. However, in the rapidly changing field of interventional thoracoscopy, close communication and cooperation with the thoracic surgeon are indispensable.
